Salt or sodium chloride is widely used in most homemade dishes or processed foods. It can be considered as a crucial ingredient because, without adding salt most dishes or food products may have less flavor, become tasteless and not appetizing. The addition of salt can provide salty taste or can even mask the bitter taste. It is also widely used as a preserving agent and can increase product's shelf life. Bread is widely consumed and serves as a staple food for certain countries. Not only that, bread is one of the world's oldest foods and is said to be the largest contributor of salt in our diet. While bread is believed to supply the major percentage of daily salt intake, reduction of salt in this product can assist in reducing the consumption of salt in human's diet. Salt is also found to have detrimental impact on human health as it can cause cardiovascular diseases. Nevertheless, the salt reduction in bread is not easy to apply as salt play important roles in bread-making and its reduction can affect the quality of bread. Salt in bread has been observed to improve dough-making process, enhances the flavor of bread and produces nice brown colour of the bread's crust through Maillard reaction. Besides that, salt also helps in improving the texture, decreasing staling and increasing the microbial shelf life of the bread. This article explains the bakery science of bread by discussing the effect of salt reduction on bread quality.
INTRODUCTION
Salt or sodium chloride (NaCl) is a common and important ingredient in food products worldwide. According to Man [1] , salt is formed through the ionic combination of sodium ion and chloride ion and for every 2.54g of salt consumed, it will yield 1g of sodium. Salt has been viewed as a food preservative and protects human from the microbial pathogen in foods for ages ago [2] . Over the last few years, excessive salt intake has been an important issue and is related to various chronic diseases. Gibson et al. [3] and American Institute of Baking (AIB) International [4] stated that excessive salt intake results in hypertension and may increase the risk of cardiovascular diseases (CVD) such as heart attack and stroke. Therefore, people have become more aware of the adverse effects of excessive salt intake and they are demanding for healthier foods. Bread is grouped as the staple food worldwide, therefore, salts present in bread is related to the heart disease.
The regulatory bodies also expanded some efforts to overcome this problem by establishing or limiting the amount of daily salt intake. The World Health Organization [5] recommends 5g of salt per day as a worldwide guideline while the Food Safety Authority of Ireland [6] recommends salt intake of 6g daily. Consumption of bread regularly may increase daily intake of sodium as bread supply about 30% from the recommended daily intake (RDI) for salt [7] . Thus, it is recommended to reduce the amount of salt in bread [8] . An international organization known as World Action on Salt and Health (WASH) was established in 2005 to advice on the bad effects of NaCl in foods to the world. WASH consists of expert members from 80 countries. WASH is working closely with the governments and industry to reduce the amount of salt used in restaurant, catered and manufactured foods [2] . Bread is one of the world's oldest foods and is said to be the largest contributor of salt in the United Kingdom (UK) diet according to the National Diet and Nutrition Survey (NDNS) [9] . This explains why many efforts were done to reduce salt content in bread. However, salt has several functional properties which highly contribute to the quality and safety of the bread products [10] . Salt play important roles in processed food's texture, sensory, handling, manufacturing, and shelf life, making processed foods as the main source of daily dietary sodium intake.
EFFECT ON DOUGH DEVELOPMENT
Dough development is one of the most important process in bread-making besides the baking process. The technological impact of salt on bread quality can be observed through the bread-making process. The main processes of bread-making include mixing, proofing and baking. The first step in making bread is the mixing of ingredients to develop dough with unique viscoelastic properties during the proofing (fermentation) stage. During this stage, the development of gluten network will occur and will determine the dough behavior. During dough development, it has been found that salt plays some major roles, such as retaining the gas holding capability in the gluten network [10] . Bread quality is dependent on the dough produced at this time, where it changes in the protein structure occur and incorporation with carbon dioxide produced during fermentation may give impact to the texture and flavor of the bread [11] . During dough development, the addition of salt could strengthen gluten network structures of dough as the addition of salt can produce larger protein network and more fibrous strands [12, 10] . However, in the presence of salt, the development of this fibrous network will take more time to develop and can only be fully developed at the end of the mixing process. This is due to the reduction in hydration rate which results in longer proofing time for fermentation. This is consistent with the findings by Beck et al. [13] where the addition of salt requires a longer time for fermentation and can reduce the fermentation rate. On the other hand, Doyle [2] stated that salt helps in gluten network formation with good extensibility by controlling the hydration of glutenin and gliadin protein. Salt also increases the extensibility of the dough by enabling the gluten to trap small air bubble and thus, high quality bread can be produced [12] .
An optimal amount of salt must be determined to produce a gluten network with good stability. Furthermore, it has been reported that the effect of salt on dough and bread quality is flour dependent. McCann and Day [12] showed that after the addition of salt, low protein flour shows an increase in the strength of dough and slower relaxation time compared to high protein flour. Loaf volume, dough relaxation time and strain hardening of the low protein flour are increased as the amount of salt added to the flour increased. These findings explain the function of salt in improving low protein flour as the low protein flour will produce a weaker gluten network in the absence of salt. Dough with a reduced amount of salt often had excessive fermentation where yeast produces too much carbon dioxide (CO 2 ), and lead to poor texture and open grain in the bread [14] . The omission of salt will lead to the production of more CO2. On the other hand, the presence of salt could change the environment of yeast growth to be less favorable, thus reducing the quantity of CO2 being produced. Bread with less salt has been found to have higher volume of dough and requires less time to achieve maximum dough height [13, 10] . Even though reduction of salt can produce larger loaf volume, the loaf produced is characterized to have larger diameter of gas bubbles and a smaller number of air cells.
A research done by Lynch et al. [10] studying on the effect of different levels of salt on bread quality concluded that salt reduction from 1.2% to 0.6% and 0.3% did not lead to significant differences in terms of extensibility and resistance to extension of dough. In contrast, dough with no salt showed 26% and 21% reduction in both characteristics, respectively. Reduction of salt is usually able to produce dough with more CO2 but less salt produces weak gluten structure. Thus, the dough cannot hold the CO2 gas and then causing the reduction of the amount of CO2 retained in the dough. However, McCan and Day [12] found that the volume of dough increased with increasing amounts of salt. The difference between these findings could be due to variation in formulation, dough mixing time, proofing and baking condition.
EFFECT ON BREAD FLAVOUR
Salts influences the flavor of the bread. Bread baked without salts has a bland taste [15] . Sodium salts such as sodium chloride and monosodium glutamate affect the flavor of the foods by enhancing their flavors [2] . Sodium and lithium were found to be the only cations that are primarily salty. While potassium and calcium ions are also salty, they also have "metallic" and "bitter" after-tastes which are not desirable to consumers [2] . Often, NaCl is used to mask bitter flavor in foods [16] .
According to Kilcast and den Ridder [17] , 25% of the Caucasian population are non-tasters (insensitive toward normal amounts of bitter compounds), while 25% are supertasters (very sensitive to bitter compounds). Decreasing the amount of salt in foods will affect the supertasters, which make the foods appear unpalatable and insipid to them. Water activity and salt are related as salt helps in concentrating the flavor molecules in solution [18] . A study conducted by Lynch et al. [10] showed that bread containing 0% and 1.2% of salts are clearly distinguished by the sensory panelists. The panelists described that bread without salt as yeasty, acidic and sour. Miller and Hoseney [15] also reported that bread with 0% salt has an insipid taste. Sosa et al. [19] had tested seven samples of French bread with salt content ranging from 0.6% -4.6% on 100 consumers. Results showed that more panelists prefer bread with 2.4% salt, which exceeds the 1.8% amount of salt in common bread.
EFFECT ON BREAD COLOUR
The brown color of bread is associated with the Maillard reaction in the baking process through reaction between free reducing sugars and proteins. The absence of salt produces bread with lighter brown colored crust, as the result of the reduction in Maillard reaction. In order for Maillard reaction to happen, there must be enough amounts of free reducing sugars and proteins. According to Belz et al. [20] , reducing the amount of salt will increase yeast activity in the dough as salt has the ability to control the growth of yeast. Sugar is needed for the growth of yeast; therefore, yeast activity will reduce the availability of free sugars for Maillard reaction [20] . Excessive growth of yeast will lead to poor color of the bread. According to Sluimer [21] , at the initial stage of the baking process, the temperature increased up to 100 0 C and is maintained as long as there is moisture at the outer layer of the bread's surface. Maillard reaction starts when the temperature rises to more than 110 0 C [22] .
EFFECT ON BREAD TEXTURE
The texture of bread is important to the acceptance of consumers. Texture can be evaluated in a number of ways such as texture analysis profile and sensory testing [20] . According to Lynch et al. [10] , salt helps in strengthening and improving the gluten network of the dough, which helps in producing a more even crumb structure. Salt in the dough helps to stabilize gluten and prevent stickiness of the dough [2] . McCann and Day [12] , demonstrated that increasing the level of NaCl has an impact on increasing the strain-hardening and relaxation of the bread dough, thus producing more volume and even bread structure. Sensory evaluation as assessed by trained panelists showed that the presence of 1.2% of salt in bread had a higher score for density appearance of the crumb compared to the 0.6% of salt [10] . As salt concentration decreases, yeast activity increases, resulting in higher volume of bread. However, insufficient amount of salt within the dough develops weaker protein network with low gas retention capability. This will result in the bread produced to have uneven texture and low volume. In contrast, Lynch et al., [10] found that the hardness of bread is not dependent on the amount of salt as there is no significant difference after stored for 2 to 50 hours. Nevertheless, only bread with no added salt was identified to have unacceptable hardness after 120 hours of storage. During the baking process, crumb and crust structures may develop. The quality of crumb was found to be affected by the amount of salt [12, 13] . The comparison between 0% and 4% of salt content in bread showed that there is a difference of about 40% in crumb firmness after they were stored for 24 hours. This showed that the crumb firmness reduces with the reduction of salt content. The reduction of crumb firmness is also related to the enlargement of loaf volume [13] . The presence of salt can increase firmness because the addition of salt can accelerate the formation of cross-link between starchstarch and starch-protein [23] .
The rheology of bread dough can also be determined by measuring the storage module (G') where it is used to measure elasticity of material. Another rheological parameter, the loss modulus (G") is used to measure the viscosity of bread dough material. Reducing the amount of salt has an effect on G' of dough rheology [10] . The reduction of salt content from 1.2% to 0.6% showed a significant increase in G' however, there is no significant difference with G". This result also has good agreement with that reported by McCann and Day [12] . Thus, salt reduction in bread can affect the elasticity of the dough but does not affect its viscosity. Salt is found to have an effect on the rheology of wheat dough as the NaCl is able to form sodium and chloride ions where it will compete for water and then cause the wheat protein to hydrate. Hydrated wheat protein cannot hold much water causing free water to increase and then change the rheology of dough [24] . The G' of dough can also be affected by quality and protein content of the flour. The high protein dough (13.5% of protein content) have higher G' than the lower protein of dough (9% of protein content) even with a constant amount of salt [12] . On the other hand, good quality flour is reported to have higher G' than poor quality as stated by Khatkar et al. [25] .
EFFECT ON BREAD SHELF LIFE
Salt has been used to preserve foods for a long time. In bread, salt also acts as a preservative besides contribution to flavor. Staling and retrogradation of bread are related to the moisture content of bread. It was found that water migration from crumb to the crust is related to the amount of salt presents in the bread [10] . Staling is perceived by dry bread texture due to extended storage, but the mechanism is not simply due to evaporation and it involves complex mechanism. However, staling phenomenon can be summarized due to water activity (aw) and the distribution of water inside the bread. Bread staling is likely to exist because of starch and gluten modifications, which contribute highly to the retrogradation of the starch [26] . Salt reduces water migration from crumb to crust by holding the water molecules in the bread structure, thus, resulted in a more hydrated environment for the bread which causes staling to occur at a lower rate compared to bread without salt [23] . A study conducted by Beck et al. [13] , showed that low crumb staling is highly related to the increased amount of NaCl. This is due to the fact that large Na + ions are entrapped in the molecules compared to the small H + ions; leading to less recrystallization of the starch molecules.
Microbial shelf stability is also affected by the existence of salts in the food products [27] . Reduction in NaCl level has been found to result in an increase in the number of microbial colony growth [28] . Salt preserves bread by reducing the aw through osmotic pressure in bread environment system [2] . Microbial growth occurs faster in foods with high moisture content. The use of higher concentration of salt produces higher osmotic pressure which causes bread cells to lose water to the environment, and thus retarding the microbial growth [29] . Thus, foods with higher water content are more prone to spoilage bacteria because of the higher aw. Smith et al. [30] reported that the aw for bread is ranged between 0.96 -0.98. The preservative effect of salt works by lowering the aw of the bread. Therefore, the growth of spoilage microbial can be prevented.
High salt level increases the time for microbial growth of some pathogens such as Escherichia coli, Salmonella and Clostrodium botulinum [2] . A study by Samapundo et al. [28] on the effect of different levels of salt, which are 0%, 2%, 4.2% and 6.4% on the growth of Penicillium roqueforti var. carneum (P. roqueforti) and Aspergillus niger (A. niger) found that there was a decrease in growth for these microorganisms as the salt level was increased started from 2%. Samapundo et al. [28] also had tested four types of potential salt replacers which are magnesium sulphide (MgSO4), potassium chloride (KCl), magnesium chloride (MgCl2) and calcium chloride (CaCl2) on the growth of P. roqueforti and A. niger. Based on this study, the presence of NaCl or MgCl2 led to the slowest colony growth rates and delayed lag phase of the organisms. Generally, both of these salts are the largest microbial inhibitors of P. roqueforti and A. niger. Salt acts as preservative in bread, hence reducing the amount of salt will require full or partial replacement of NaCl.
CONCLUSION
Generally, the reduction of salt level in bread is a good effort to control the daily sodium intake which is known to be a major contributor to several chronic diseases. Recently, cardiovascular diseases (CVD), hypertension, and coronary diseases are related to the high amount of salts intake [31] . However, as salt is one of the essential ingredients in bread-making, its reduction will lead to deterioration of the bread's quality such as its texture, flavor, color, and shelf life. Based on these facts, it can be concluded that salts play many important roles in improving bread quality and safety.
It is a big challenge to the bread industry when salt is reduced in the bread products. This is because, salt is cheap, and any replacement will incur a high cost with new testing and new technology [32] . Salt in bread are relatively low, but people consumed more of this group of foods which contributes 35% to 50% of the sodium consumption [33] . In order to reduce salt intake daily, it is suggested that people should add more food varieties in their diets such as rice, noodles, potatoes, fruits, and vegetables instead rely too much on bread as the main carbohydrate sources. Therefore, one of the solutions to reduce salt consumption is by reducing bread intake. Another solution to reduce the salt consumption in bread is by conducting further research to obtain the optimum amount of salt, which can be done by using a statistical and mathematical technique such as Response Surface Methodology (RSM). The best bread formulation with the desired quality can be produced using RSM, where multiple samples with a large variation of salt content can be analyzed and computed.
